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INTRODUCTION 


This is the second of two papers dealing with the aramid), and 
use of aerial tramways in the metal-mining industry. The first pape 
described aerial tramways in a general way and discussed the engineering 
principles used in tramway design. The purpose of this paper is to give 4 
more detailed descrintion of equipment and material and to discuss construc- 
tion and operating costs. . 
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CONSTRUCTION COSTS 
General Considerations | 


Costs of tramway construction probably are more difficult to estimate 
vn those of most other types. Design is influenced largely by topography 
id climatic conditions, General conditions affecting costs vary so greatly — 
iat every individual line, and in some instances, every individual structure, 
3a problem in itself. Cost of materials and equipment for a given design 
a2 be estimated easily and accurately. Erection costs, however, are more 
lfficult to forecast, The cost of delivering the material and erecting a | 
tructure at one part of a line may be twice or even three times as great as 
or a structure of identical size and design at another part of the same line. - 
uch extreme range in labor costs for jobs that appear identical may be the | 
ule rather than the exception in situations of rough topography where aerial 
renways find their greatest field of usefulness in the metalemining industry. 


Preliminary Costs 


Preliminary costs might be considered to include all costs that accrue 
efore actual construction begins. These expenses may be negligible or may 
mount to 15 percent or more of the total cost of the tramway. Generally, 
owever, they are much less than 15 percent. : 


Survey ing 


A tramway survey comprises running a center line and determining horizontal 
nd vertical distances to the nearest one-hundredth of a foot, and making an 
“curate topographic survey of each structure location. The cost of this sur~ 
‘ey covers field and office work and incidental items. Short trams in countries 
ith plane topography may be built after an inexpensive survey, In countries | 
if rough topography, however, surveying costs may be considerable, Months of 
reliminary surveying are sometimes necessary to find the most favorable route. 
his is often so where angle stations are required. dn example of this i the 
Tenway of the Silbak Premier Mines, Ltd., at Premier, British Columbia, 
teliminary surveys for this tramway were initiated the season before construc~ 
jon began and the surveying cost was approximately $550 a mile. 


Right—of—Way 


Right~of-way costs include any legal or other expenditures required to 
et permission to build a tramway on private or public property, It may be 
ifficult and costly to procure a right~of=way in certain thickly populated | 
Teas, In most metalemining districts in the western United States, however, 
ight-of-way costs are negligible. Aerial tramways are less damaging to ' 
Toperty than any other means of surface transportation, Hven when they 
708s cultivated fields, the damage is comparatively slight and in many 


] Pitt, Dale L., Aerial Tramway Construction and Operation: ‘Trans. Canadian 


Inst, Min, and Mete, 1930, 
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instances negligible, Only from 100 to 200 or 300 square feet of ground is 
required for each tewer or support. If the topography permits long spacing 
of supports, the property damage is no greater than that of a power trans | 
mission line, | 2°. | 
The cost of clearing right-of-way is high in heavily timbered countries, 
In certain parts of the western United States, Oanada, and Alaska and in 
many tropical regions, clearing of right-of-way may cost as much as $2,000 ~ 
er more per mile. Generally, a strip 50 feet on each side ef the center ling, , 
or a total of 100 feet, is cleared. If the timber is tall it may be neces- 
‘sary to clear a wider strip so that the tallest tree at the edge of the clear 
ing would not damage the tramway in falling, Clearing costs far the Prenier 
tramway and the Porter-Idahn tramway,2/ both of the Silbak Premier Mines, Ltd, 
of Premier, British Columbia, were approximately $2,000 and $1,800 per mile, | 


Engineering Design 


Nearly all aerial tramways are designed by private consulting tramvey | 
engineers or by the engineering staffs of tramway manufacturers. Exceptions 
are tremwaye built frem eld or used equipment, A number ef successful lines 
ef this latter kind have been built at small to medium-size metal mines in 
_the western United-States by mining engineers who did not profess any special 
knowledge of tramway engineering. Some manufacturers will supply material 
according to the specifications of private consultants; others, however, 

. frown upon the practice. Regardless of what the arrangement may be between 
customer and vendor, engineering costs are paid by the customer in the end, 
either directly or indirectly. Some companies make a direct charge for their. 
engineering services, whereas others pass the cost on to the customer in othe 
weys. The first of these is the more businesslike and probably is more satis- 
factory in the end, | bem : 

Consulting tramway engineers often will contract to desig a tramway; 
bargain for material and equipment in the most favorable markets, and supervis 
construction, By such an arrangement, engineering and supervision costs sone 
times can be cut to a minimm, It is not, suggested, however, that thie is 
always the best arrangement. The question as to whether a private consyltant 
should be employed in this capacity or in an advisory capacity only depends on 


ped things, but perhaps more on the personalities involved than on any other 
Ole . . 


There are relatively few experienced consulting tramway engineers; they 


are located in such widely separated places as New York, Ne Ye; Chicago, I1l.% 
Dallas, Texe; Denver, Colo.} and San Francisco, Oalif. 


5/ Pitt, Dale L., Work cited in footnote Ue | 
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Figure 2.— Through tower, timber construction. 
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Transportation 
The costs of transporting construction materials require but little 
discussion, In this paper, they will be considered to include the costs of 
transporting material and equipment from the source of supply to the general 
site of the tramway, but not the cost of distributing them to the various 
places where they are to be used ultimately. It is thought to be more logical 
to include the latter in erection or installation costs. In general, trans— . 
portation costs would include freight charges by rail or water, or both, from 


the source of supply to the nearest unloading station, and a trucking or dray- 
ing charge from the unloading station to the general site of the tramway. 


Certain materials for construction purposes generally can be purchased | 
locally, whereas others must be obtained at the source of supply and sometimes 
shipped thousands of miles to where they are to be used. This may sometimes 
determine the type of construction to employ. 


Material 
Timber 


Timber is generally the handiest and most easily obtainable material for 
structural purposes. The coast variety of Douglas fir is the most satisfactory 
timber for any kind of construction work in the Western United States. Other 
kinds that are satisfactory are the Rocky Mountain variety of Douglas fir, some~ 
times called red spruce, and Ponderosa or Western yellow pine. <A good grade of 
timber of one or more of these varieties is always available in almost any part 
of the western United States at prices ranging from $30 to $50 per thousand 
board feet. Any good grade of structural timber that has been properly seasoned 
will last the life of the tramway in most western climates, Tramway towers 
built more than 40 years ago in southwestern Colorado are still standing in a 
fairly good state of preservation. Many of these were built from a medium grade 
of Englemann spruce, which is inferior in its weather-resisting qualities to 
the varieties named above, 


In designing timber tramway structures the tendency is to use much _ 
heavier material than is necessary; 8- by 8~-inch timbers very often are used 
for the main part of structures for which 6~ by 8~inch would serve just as 
well, Six by six-inch timbers sometimes are used for building all line 
structures of heavy-duty systems used in the construction industry. Inasmuch 
as these are temporary lines, it is possible to use lighter construction than 
otherwise would be advisable. The fact, however, that some are of larger 
capacity than the average heavy~duty mine tramway leads to the belief that 
6 by G-inch select timbers might be suitable even for permanent lines of 
small to moderate capacity. 


The amount of timber required to build a tower of a certain height 
depends on the type of tower as well as the size of timbers. Figures 1 and 
e are designs of two towers, one of the pyramid type and the other the 
through type. ‘Table 1 shows the cost and weight per linear foot and the 
Compressive strength of various sizes of timber suitable for building such 
structures, For comparison, the same data are shown for a number of steel 
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sections. Table 2 gives the amount, cost, and weight of timber or steel re- 
quired to build the structures shown in figures 1, 2, 3, 4, and 5. the 
structures shown in figures 3 and 5 are of steel construction; all of the rest 
are of timber construction. 


Tension stations, anchor stations, and rail sections generally are built 
from the same kind and size of material as the supporting towers. Heavier 
timbers sometimes are used for the center posts than for the outside posts 
of tension and anchor stations. Figures 4 and 5 show the designs of typical 
double-tension stations in timber and steel, and table 2 shows the amount, 
cost, and weight of material required; about 20 percent less material is re- 
quired’ for a double anchor station. Rail sections vary so greatly in length, 
height, and design that no attempt is made here to show ‘the amount or cost 
of material required to build vem. 


Size and plan of loading na discharge terminals seed to a great 
extent on topography and bin capacity required. If the tram is to be 
used for transporting timbers and supplies from discharge terminal to 
loading terminal, extra floor space must be provided for storage and 
handling; track for mine cars and extra switch rails must also be con- 
sidered, At many metal mining plants the loading terminal may be part of 
& crushing plant and the discharge terminal a part of a mill. At such 
plants, terminal costs may be reduced greatly. 


Steel 


Steel is preferred to timber for structural purposes by many tramway 
engineers. For the same strength it is lighter than timber and consequently 
the erecting costs are less. Total over all costs, however, are considerably 
higher. It is seldom possible to purchase structural steel locally. Most _ 
rolling mills and fabricating plants are in the Bast and Middle West, with a 
few scattered over the Rocky Mountain region and the Pacific coast. 


It is customary when building with steel to submit drawings of each 
structure to a fabricating plant. The members required are cut and punched 
according to the drawings and shipped to the customer ready for erecting. 
Sometimes the steel is purchased direct from the rolling mills and fabricated 
at a makeshift plant on the ground where it is to be used. It is claimed tha: 
a REVAME may result from this latter practice. 


Angles from 3- by 3~ by 3/8~inch to 4W by Lb by 1/2—inch are suitable 
for the main structure work on tramways with a capacity up to about 60 tons 
per hour. Lighter angles are used for braces and 3— by 7—inch channels for 
saddle beams. Prices, unit weights, and compressive and tensile strengths 
of various sections are shown in table 1, Figures 3 and 5 show typical 
designs for steel structures, and table 2 shows the cost and weight of 
material required to build these structures according to the designs. 
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Figure 4.—Tension station, timber construction. 
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Figure 5.—Tension station, steel construction. 
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Steel has certain advantages over timber, especially for permanent 
ystems, The fire hazard is eliminated almost completely. Furthermore, 
, steel structure requires little if any attention after it is once built. 
fith timber structures constant vibration sometimes causes bolts to work 
oose and project in places where they are likely to foul passing carriers. 


Roofing 


Corrugated roofing is the most economical and probably the most generally 
sed material for covering the roof and sides of terminals, It has virtually 
0 insulating value and hence is a protection only against wind, rain, and 
now, Tramway terminals are difficult to heat because of incoming and out- 
cing carriers; the writer kmows of no instance where heating is attempted. 


Foundation Material 


Concrete is by far the most satisfactory material for foundation piers. 
uchor bolts are more easily placed, and accuracy in alinement and elevation 
s possible with less effort than with stone masonry, The cost depends almost 
ntirely on the accessibility of the location where it is to be used, “In 
laces where cement, gravel, sand, and water must be packed on animals, the 
ost may be as high as $15 or even more per cubic yard. Inmore accessible _ 
laces it may be little if any more than the cost of stone masonry. Timber 
ills sometimes are used but are generally unsatisfactory on permanent lines. 
ome very serviceable tramways were built with the towers on timber sill 
oundations, but it is doubtful if the lower cost compensates for the cost 
nd annoyance from towers settling out of alinement owing to uneven decay of 
ne sills, | 


Equipm ent 


Tramway equipment other than cables comprises driving and control machinery, 
arriers, saddles, sheaves, and rollers, end and line couplings, attaching and 
etaching devices, and overhead rail for terminals and intermediate stations. 
anufacturers generally do not quote itemized prices on this equipment. It is 
enerally supplied at a gross contract price boas ut regard to the cost of each 
ndividual item required for a job. Carstarphen2/however, gives the cost and 
eight of terminal machinery and tension station and line equipment, including 
arriers, required for tramways ranging in capacity from 25 to 100 tons per 
our, These data are shown in tabular form in Part I of Bureau of Mines, 
nformation Circular 6948, Aerial Tramways in the Metal-Mining Industry. For 
convenience they are repeated here. _ 


Carstarphen, Fe © 


e, Aerial Tramways: Trans. Am. Soc. Civil Eng., vol. 92, 
Pp. 875-973. | 
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Cables — General Discussion 


Cables must be discussed more comprehensively than any other tramway 
equipment; they are of primary importance in both the construction and opera~ 
tion of tramways, The wear on cables, and consequently the cost of replace- 
ment, is definitely affected by saddles and carriers and also by the arrange- 
ment of rollers and sheaves at terminals and towers. In view of this, it is 
difficult to discuss cables without at least touching upon the subject of 
certain other tramway equipment as well as upon general tramway design. 


Cable costs for a continuous double~rope tramway of 20 tons capacity per 
hour will range from a minimum of about $3,500 per mile for comparatively flat 
and easy profiles to over $9,500 per mile for profiles requiring long spans | 
and with great differences in elevation between terminals, Roughly speaking, 
the cable costs for any given profile will increase from $500 to $1,000 per 
mile for each 10-ton—per—hour increase in capacity. This, however, cannot 
be taken as a rigid rule for expressing cable costs in relation to capacity. 
The size of track cables required depends to some extent on the capacity of 
individual riers and also on the speed of the traction cable. For instance, 
Carstarphent/ specifies 1-1/8~-inch cables for the loaded side and 7/8~-inch for 
the empty side for tramways of 30-, 40-) and 50-ton—per—hour capacity, using 
carriers of 600=-pound capacity. With 1,200~pound carriers, however, the cable 
size for the 50~ton capacity system is 1-1/4 inches for the loaded side. With 
profiles requiring long spans, the size of the track cables is likely to be | 


1/ Carstarphen, F, C., Aerial Tramways?! Trans. Am. Soc. Civil Bng., vol. 9e, 
ppe 875-973. 
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B. LOCK-COIL CABLE, TYPE B 34 WIRES 


A. LOCK-COIL CABLE, TYPE A 83 WIRES 
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C. SMOOTH-COIL CABLE 
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E. LOCK-COIL CABLE, ENGLISH AND EUROPEAN TYPE 


Figure 6.— Types of tramway track cables. 
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termined by permissible sag rather than by capacity of carriers. 


A number of types of track cable have been developed by American and 
ropean cable manufacturers (fig. 6). .A- few of the more common types are 
scribed briefly here. ? 


Flattened—strand cable. of the 6~ by 7—lang~lay construction is rec- 
nended by one American cable manufacturer as being-superior in durability 
all other except the locked coil types. As with most stranded cables, 
ewire strands are built around a hemp core. SBecause of the large pro- . 
rtion of metal wires to the total cross-section aréa, thé tensile strength 
about 10 percent greater than for round~strand cables of the same diameter. 
2 strands of the flattened—strand cable are fitted together in such a 
oer as to offer maximum resistance to crushing.. the autside surface is 
latively smooth. Because of this, it wears better than. the round~strand 
rieties, It is made in the same three grades as other strand cables. 
ices, unit weights, and tensile strengths for a number of sizes are 
own in table br 


Snooth-coil cable, sometimes called tramway strend, is made entirely 
round wires. It is built up similarly to a single strand of a stranded 
ble, except that consecutive layers of wires (fie. 6, C) are twisted in 
posite directions. Unlike locked coil cables, different sizes are made 
of different numbers of wires. Thus, in the l—inch diameter there are 

, in the 1~1/8-inch, 37, and in the 1~5/8-inch, 61. wires. Because of 
; fact that it is made up entirely of roum wires, the tensile strength 
about 15 percent greater than that of locked-coil cable of the same 
meter and grade of material. It is inferior, however, to locked—coil 
ble in durability and has the objectionable feature of the outside wires 
twisting when broken. 


The type of locked-coil cables used commonly in the United States is 
Je up of a center core of 7 or 19 round wires, one or more layers of 
tes of square or trapezoidal cross section, and an outside layer of lock 
res, Figure 6, A and B, shows this type of cable in the 3~and the 83~ 
re construction. As with smooth-coil cable, consecutive layers of wires 
e twisted in opposite directions. The locking feature of the lock wires . 
nore positive than in any other type. The cable has a smooth external . 
rface and hence is less damaging to carriage wheels and saddies than any 3 
ier type. In durability and wearing qualities it is. ‘superior to any other : 
2% of tramway track cable. 


locked—coil cables and smooth—coil cables are made in cast~-steel and 
ee grades. Prices, unit weights, and tensile strengths are shown 
able 3, oe | | 
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The English and European type of locked=coil cable shown in figure 6 is 
little used in the United States. A description of track cables, however, 
would be incomplete without some mention of it. It was made by several 
American manufacturers a number of years ago but at present is made principally 
in England. It is sometimes referred to as half-lock cable because only half 
of the outside layer of wires are lock wires; the others are round. Because 
of the greater number of round wires, it has slightly greater tensile strength 
than the type previously described. It is less durable, however, decause of 
its stiffness and tendency to break from bending stresses. 


The amount of service that can be expected from a track cable depends 
on a number of conditions, some of which are of a controversial nature, the 
most obvious, although by no means the most important, is the question of 
cable tension, Cable manufacturers, tramway builders, and tramway engineers 
disagree as to the Mela) at which a track cable should be operated to give 
the best service, nan&/ suggests a safety factor for locked cables of 
3-1/2 or a tension of wy percent of ultimate strength, Recommendations 
of other authorities, principally cable and tramway manufacturers, range from 
25 to probably as much as or more than 35 percent of ultimate strength. 
Experienced and successful tramway foremen sometimes operate tramways with 
the track cables at a lower tension than is generally recommended, It is not 
suggested that this practice should be followed generally, but the success of 
certain operators who do follow it and the service they get from the cables 
are matters that cannot be disregarded entirely, 


The ratio of cable tension to concentrated load is another matter open 
to controversy. Considering the lack of agreement on the question of tension 
only, it is natural that this should be. Stresses due to bending of the cable 
at the point of loading are obviously proportional to the ratio of the con 
centrated load to the cable tension, Bending results in elongation or tensile 
stresses at the outside of the bend and compression or compressive stresses 
at the inside, Total tensile stresses at the bend are those due to bending 
plus those due to tension in the cable, The ratio of concentrated load to 
cable tension should therefore be such that the total tensile stresses at the 
bend are minimum. The determination of this ratio, however, and the calcula 
tion of cable size best suited for any concentrated load probably is far 
from a mathematically exact process, The reason for this is that a cable 
acts very differently in bending than does a solid rod or cylinder, ‘The 
wires adjust themselves in such manner as to result in only a fraction of 
the tensile and compressive stresses that occur in a solid medium under the 
same conditions. Furthermore, cables of different construction have different 
bending characteristics, If this were not so, it would be pointless and futil 
to make cables of different degrees of flexibility for different kinds of 
service. If calculations are to be used at all, they should be interpreted 
in the light of practical experience. 


8] Durham, Edward B,, Aerial Tramways and ge Mining Engineers Hand- 


book, "by Peele, 2d ed., vol. 2, ser. 26, pe 1745. 
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Figure 7.~Track cable supports, rocking saddle, and continuous grooved rail. 
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Carstarphend/ in his tables of general specifications and costs of 
ramway equipment (p. 8) shows cable sizes for loads ranging from 500 to 
,500 pounds, The table, however, leaves a considerable gap for loads 
tween 600 pounds and 1,200 pounds. On the basis of a1 1/-inch cable | 
‘or a load of 1,200 pounds, a 1 1/8inch cable should be satisfactory for 
oads up to about 900 pounds. ‘The data, therefore, extended and modified 
0 include all loads up to 1,600 pounds, would be as follows: 


| Cable, inches 


Loads up to B00 (sib eve Oa euwee eeneeee eee 1 

Loads from 500 to 900 POUNABeeeccccccves lL 1/8 
Loads from 900 to 1,200 pounds..ccsceces 1 1/4 
Loads from 1,200 to 1, 600 POUNASescoccececs i 3/8 


It 1s by no means contended that the loads shown here cannot be carried 
y cables smaller than those indicated. There are instances of 1 1/l-inch 
‘ables giving good service with four-wneeled carriers of 1,600 pounds capacity, 
‘or general pw'poses, however, it is thought that these data are about as 
satisfactory a8 any available and are on the safe side. 


The greatest wear on the track cables is invariably at the towers, The 
ocked-coil types ordinarily can be expected to give a duty of 250,000 to 
100,000 tons at the point where abrasive wear and bending are most severe and 
Ton 1,500,000 to 3,000,000 tons on the long spans. Flattened-strand and 
mooth-coil cables, on the other hand, seldom give a service of more than 
-s900, 000 tons under the most favorable conditions, and generally only from 
00,000 to 750,000 tons. Although the first cost is lower, they are less 
‘conomical ultimately than the locked—coil types. | 


_. The amount of wear and breakage at a tower depends on three factors ~ 

1) the deflection angle, (2) the length and design of the saddle, and (3) the 
ype or kind of cable used. These three factors cannot be discussed logically 
wart from each other because they are interdependent, It is unsafe, for in- 
stance, to say just how small or how large a deflection angle may be, because 
0 much depends on the length of the saddle and the kind of cable used. With 
hort saddles and plow—steel cables it probably is advisable to keep the 
‘eflection angles down to 3 1/2° or 42 With 4foot rocking saddles and cast~ 
teel cables, angles up to 6° or even larger may be permissible. 


The two types of saddles used most generally are the rocking and the 
tationary, The essential difference is that the stationary type is fixed | 
igidly to the tower while the rocking type is pivoted on an axis and tilts 
ward the load as it approaches and leaves the tower. The stationary saddle 
Snow little used except on old tramways. Rocking saddles are available as 
‘tandard tramway equipment and can be purchased from almost my of the American 
lders of tramways. .Track cables supported by rocking saddles on a three~ 
fat support are shown in figure 7. . 


/ Carstarphen, F. C., Work cited in footnote 7 (pe 10). | 
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A third type of saddle is the continuous—grooved rail sometimes used on 
rail structures as well as on common supporting towers. It differs from the 
ordinary stationary saddle, first, in that it is longer and requires more tha 
one point of support in fixing it to a tower and, second, in that the cable 
lies in a deep groove so that the carriage wheels are not in contact with the 
cable when the carriage is on the rails; a filler of hardwood or other material 
in the bottom of the groove eliminates excessive abrasive wear on the cable, 
It is used occasionally on heavy—duty tramways but seldom on trams of moderate 
capacity. 


Although variations of continuous grooved rails have been used to a 
limited extent for many years, it is doubtful if they can be obtained as | 
standard equipment. They can be built, however, at any nine that has the 
ordinary mine—shop facilities. Slight variations in design are possible. 
The design shown in figure 7 was developed by Charles A, Chase, manager of 
the Shenandoah Dives Mining Co. of Silverton, Colo., for use on the 
Shenandoah Dives tramway. This line originally was equipped with ordinary 
standard rocking saddles, which were not entirely satisfactory. Substitution 
of the grooved rails eliminated much of the excessive tract cable wear at the 
towerse. 


Any stranded cable of lang-lay construction and enough flexibility and 
strength is suitable for traction purposes. The 6 by 7 roynd—strand con— 
struction generally is used in sizes up to 1/2 or 5/8 inch diameter and 
the 6 by 19 construction tn larger sizes. Special types having small wires 
in the inside of the strands and large wires on the outside have been 
developed to give a maximum of flexibility and wearing qualities. Nearly 
all stranded cables are made in four grades ~ cast steel, special cast steel, 
plow steel, and special plow steel. Prices, wit weights, and tensile 
strengths for various sizes in each grade are given in table 3. The cast- 
steel grades are the most satisfactory as they are more flexible and pliable 
than the plow-steel grade, and hence permit of a better gripping action in 
attaching the carriers, The plow-steel grade, however, is sometimes used 
where more than usual tensile strength is required. 


Proper care of tramway cables is necessary if long life and maximum 
service are to be expected, Both track and traction cables should be kept 
thoroughly lubricated when in use. A lighter and more fluid oil is used 
on tramway cables than’ on hoisting cables. It can be applied to the tracticn 
cable at the terminals, but a special oiling device must be used for the track 
cables, One satisfactory arrangement consists of an oil tank fixed to a 
carriage. The tank is filled partly with oil and partly with compressed air. 
As the carriage runs over the line the compressed air forces the oil through 4 
small spigot onto the track cable. 


Next to lubrication, the most important matter to be considered in connec: 
tion with traction cables is that of sheaves and rollers. Since wear on the 
cable is due largely to its passing around sheaves, it is obvious that the few 
end larger the sheaves used, the less will be the wear. Besides the grip or 
drive sheaves at the control station and the main sheaves at other stations ani 
the main sheaves at other stations and terminals, a number of idler sheaves 
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>< rollers are always necessary to deflect the cable to the proper position 
for attaching and detaching carriers, The angle of contact with most idler 
sheaves is very small, hence the amount of wear they cause is negligible, 

che number and arrangement of sheaves required in attaching a movable tension 
weight is almost entirely a matter of terminal or control=station design. 
-erhaps the most satisfactory arrangement is the one whereby the cable passes 
around one large horizontal sheave mounted on a slide, on which it moves fore— 
ward and back in taking up the slack, A tail cable reaches from the sheave to 
the movable tension weight. It may sometimes be necessary for this cable to 
94288 around several sheaves, The wear on it, however, is not great because of 
the relatively small amount of movement. It can be replaced at a very low cost 
because usually it is not more than 50 to 100 feet in length. With other 
arrangements, the main traction cable passes around as many as seven main 
sheaves besides the small ones required to deflect the cable away from the 
carrier grips at the attachers and detachers. 


The excess tension developed in the traction cable when a carrier enters 
a break~over tower and a) csi of overcoming it by the use of overhead rollers 
are discussed in Part l,. In certain specific instances whera overhead rollers 
were not used, the excess tension in the traction cable and the strain on the 
carriers was great enough to pull the carrier bails out of shave and even break 
tne carriage wheels. 


Overhead rollers on rail sections or break~over. towers, esnvecially on the 
loaded side where the tension is greatest, sometimes are placed as close to- 
gether as space will permit. The object of this practice is to make the 
angle of contact of the cable with each roller as small as possible and to 
distribute the weight due to tension in the cable over as many points as 
possible, 


The amount of wear on the tractim cable produced by such a battery of 
rollers is a matter of some controversy. The practice is followed by at least 
one of the largest cable and tramway manufacturers in the United States. Some 
tramway operators, on the other hand, believe that less wear will result if 
the traction cable is supported by large sheaves placed below the carriers 
instead of by rollers placed just below the grips. Carriers with extra 
strong bails and carriages are used to take care of the excess tension 
developed, 


Erection and Installation Costs 


Erection and installation include the cost of excavating and building 
foundations, framing and erecting structures, stringing cables, installing © 
machinery, and many other miscellaneous items, These are mostly labor and — 
supervision costs, although other costs, such as trucking, teaming, packing, 


equipment for stringing cables, and material for erecting temporary buildings 
also are involved, 


10/ Metzger, O. H., rial Tramways the Metal Mining Industry, Part 1: 
Bureau of Mines Inf. Cire. 6948, 1937, 32 ppe 
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It is in erection and installation that estimates of construction costs 
are most likely to be in error. Estimates for jobs in isolated regions of 
rough topography should never be made without first examining each structure 
location carefully. Material must often be carried by pack animals or even 
lowered over cliffs by hand to the places where it is to be used. In many 
places trails, temporary roads, and temporary quarters for workmen must be 
built. Failure to consider any or all of these items may result in a con— 
siderable error in the final estimate. The cost of trail building for : 
tramway of the Premier Silbak Mines, Ltd., of Premier, British Columbia 
was $7,352, or approximately 2 percent of the total construction cost of 
$360,000, Temporary quarters cost $5,457, or approximately 1-1/2 percent 
of the total. These costs in this particular instcrce are of relatively 
little importance, as together they comprise only 3-1/2 percent of the 
total, There are instances, however, in which they anount to much more 
than this. 


Stringing and installing cables is a job that requires the services | 
of a specialist and generally some special equipment. Cable installation 
costs on the Premier tramway were $16,168, or $1,400 per mile; on the 
Porter, (Idaho) tramway of the same company they were $7,377, or $1,475 
per mile. | 


| Trucking, teaming, and packing costs depend entirely on accessibility 
of structure locations. Team hauling for construction of the Premier tran- 
way cost $24,172, or $2,100 per mile. At the Porter, (Idaho) tramway, where 
structure locations were more difficult of access, the cost of handling and 
transporting equipment was $62,039, or $12,200 per mile. 


Fabricated steel costs two to three times as much as unframed timber. 
According to Staley,i2/ the framing and erecting costs of timber for small 
timber head frames should be around $30 per thousand board feet, This is 
on a basis of erecting on level ground under reasonably favorable conditions. 
On steep, rocky hillsides, where working conditions are less favorable, erect- 
ing costs are higher, — 


Underground Construction 


The practice of running tramway carriers through adits to underground 
loading stations was little applied in the metal—mining and other industries 
until relatively recent years, Even at present, there are only a few isolat~ 
ed examples of important underground installations on the North American 
Continent. The possibility, however, of substantial savings being made in 
underground haulage and handling of ore by this means seems to warrant some 
discussion. | 


11) Pitt, Dale L., Work cited in footnote 4 (p. 3). 


12/ Staley, W. W., Design of Small Wooden Head Frames: Bureau of Mines Inf. 
Circ, 6943, 1937, 37 Dpe 
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Obviously, the use of aerial tramway carriers for transporting ore 
hrough long adits is practical only where surface transportation is by 
erial tramway. In such places it may sometimes be found feasible and 
dvantageous to load the carriers from an underground ore pass or transfer. 
tation and thus eliminate underground motor haulage and rehandling of ore 
it the portal, In general, this would be practical at any plant where sur- 
‘ace transportation is by tramway and underground transportation through a 
itraight adit. Actually, however, there are only a few isolated instances 
mere the practice is justified, 


‘Ordinarily, only straight crosscut adits can be equipped for this pur- 
ose. Horizontal angles, however, are permissible to about the same extent 
is for surface lines, provided that the parts of the adit between angles are 
erfectly straight. Drift adits, on the other hand, could rarely be used, 
ecause they are seldom straight for more than a few hundred feet. Character 
if ground is another feature that must be given careful consideration. No 
‘orm of underground tramway instellation. should be considered in ground that 
loes not stand well without timbering. Where motor haulage is used, a certain 
moumt of repair work can be, and often is, done while haulage <s in progress. 
his is possible because of the intermittent. nature of motor haulage. It 
mould be impossible, however, where a traction cable and tramway carriers. are 
‘ontinually in motion. 


dn adit for an 8~foot-gage tramway would have to have a nandaies width 
f about 14 feet. The gage, however, can be drawn dow to 6 or even 4 feet 
here the cables enter the adit, For the 6-foot gage, the adit should be 
bout 12 feet wide, and for the W~foot gage, 10 feet wide. Most tramway 
‘arriers of moderate capacity measure about 7 feet from the top of the 
‘arrlage wheels to the bottom of the bucket. Allowing for a clearance of 
. foot below the bucket and a space of 2 feet above the top of the carriage. 
heels for placing a timber stull or steel channel on which to fix saddle 
eams or overhead rail hangers, the height required would be around 10 feet. 
£ there is much cable sag or deflection it would have to be more, therefore, 
he minimum size of an adit required for tramway transportation would be 
round 10 by 10 feet. ‘This compares favorably with adits required for motor 
ailage, although it is higher than is ordinarily required. 


| Either track cables or overhead rails can be used for carrier tracks, 
onstruction is simpler and no doubt more economical with cables. Horizontal 
tills or steel channels set at the proper height and at right angles to the 
ength of the tunnel generally are the only members required for attaching _ 
addles, saddle beams, or hangers (fig, 8). If cables are used, the spacing 

f these stulls or beams need not be claser than 50 to 100 feet: the minimum 
pacing would be determined by the permissible sag, which in turn is determined 
y cable tension and weight of loaded carriers. If overhead rails are used the 


oe must be eEeger ~ 10 feet or less ~ and construction slightly more com~ 
dicated. 


On a basis of 50-foot spacing the cost of S~ by 10~inch select timber 
tulls per 1,000 feet of tunnel would range from $55 to $80, while the cost 
f 8 by 2u1/2—inch channels would range from $120 to $180. Since the cost 
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in either instance is only a small percentage of the total cost of all the 
equipment required, there would be little or no justification for using 
timber. Steel channels can be placed best by concreting them in a hitch 
in the proper location near the top of the adit; timber beams, by wedging 
them in a hitch and blocking the ends from the Ope: The labor costs should 
be about the same for each, 


The total cost of equipping a renee | for aerial tramway’ transportation 
should range from $1,000 to $2,500 per 1,000 feet or from $5,280 to $13,000 
per mile, Compared to this, the cost of equipping for underground motor 
haulage is negligible. In fact, a tunnel must be equipped for motor haulage 
while it is under construction. The only saving in construction costs effected 
by running tramway carriers to an underground loading station is in the elimins 
tion of a loading terminal, including bins, at the tunnel portal. Savings in 
operating costs might be considerable however, because of the elimination of 
motor haulage and the rehandling of ore, 3 


The tramway of the San Francisco Mines of Mexico, Lt2., at San Francisco | 
del Oro, Chihuahua, Mexico, is the only important underground installation on 
which pertinent data are ,vailable,. = system is described in the Engineer- 
ing and Mining Journal4J/for August 1936 


The underground portion of this tramway is 931 meters (3,054 feet) long. 
It extends from an angle and control. station near the tunnel portal to the 
underground loading station. The tunnel is 3~1/2 meters high by 4 meters wide 
(11.5 by 13.1. feet). The track cables, 1~1/2—inch and 7/8-inch locked coil, 
are supported by rocking saddles suspended from S~inch channels cemented into 
the rock at 30-meter (98-1/2-foot) intervals. Tension in the track cable on 
the loaded side is maintained at 30 tons by a concrete weight. The carriers 
have a capacity of 1 metric ton (2204.6 pounds) and a gross weight of 1,200 
kilograms (2,651 pounds). ‘The center deflection ‘between supports due to the 
loads is about 0,25 meter (0.82 foot). The carriers are spaced close enough 
so that rollers are not required to keep the traction cable from dragging on 
the bottom of the. tunnel, | | | 


s of Tram s, Comparative Costs 


Three types of tramways - double~rope continuous, reversible or jig back, 
and monocable ~ are described in Information Circular 6948, Aerial Tramways in 
the Metal~Mining Industry, Part I. Of these, the double-rope continuous type 
is the most costly but also the most adaptable to steep grades, rough and vary~ 
ing topography, and long distances. It is the type most generally used in 
Alaska, Canada, the United States, and Mexico. The reason for this is obvious 
when it is considered that in these countries aerial—tramway transportation 
usually is resorted to only in places where the topography is so rough that 
other methods are impractical. 


Campbell, W. Ge? 
PPe 391-396. 
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Reversible or jig-back tramways often are used where physical con- 
litions are favorable. Since there are only two carriers, the carrying 
‘apacity decreases as the length increases. A fairly uniform grade is 
lesirable but not essential, Variations in grade can be overcome by using. 
1 tall cable that passes around a sheave at the discharge terminal, Cable 
costs are only slightly if any less than for double~rope continuous systemse 
lerminals, however, are much less complicated and costly, especially where 
sither terminal is built on a steep hillside. The carriers can be loaded 
wd unloaded without bringing them to a horizontal floor, thus eliminating 
the necessity of a costly curved—rail assembly, such as must be built at the 
md of hillside loading. terminals for continuous double—rope tramways. 
senerally, one man does the loading and operates the drive or control machinery. 
jYmping or unloading is done by an automatic tripping device at the discharge 
terminal or by a mechanism attached to one of the carrier wheels, which un- 
latches an end or side gate of the carrier when the direction of travel is 
reversed. Tramways of this type having capacities from 100 up to 150 tons 
per hour are in use in the coal-mining and limestone—quarrying industries, 


Monocable systems are little used in the United States, Canada, or | 
Mlaska, Exhaustive inquiry revealed only one important tramway of this 
type in use in the metal-mining industry on the North American Continent, 
There may, however, be others. Although the first cost is less, monocable 
tramways have found little favor with American tramway engineers and manu= 
facturers. The reason for this, as already explained, is that they are less. 
adaptable to rough topography and steep grades than other types. ‘The applica-~ 
tion and limitations of this type are discussed in Part I, 


OPERATING COSTS 


Operating costs may be considered under the following classifications: 
Powers supervision: labors: repairs: replacements; and depreciation. 


Power 


A large percentage of the tramways used in metal—mining operations are 
ised for transporting ore or concentrates on a downgrade only. In such 
-ases @ motor is used as a brake and actually puts current back into the 
line, An induction or a slip-ring motor acts as a generator by running above 
synchronous speed; slip-ring motors generally are used because they have better 
speed control. If a synchronous motor is used in conjunction with a slip-ring 
iotor, the speed of the system will be constant regardless of the load, because 
‘he synchronous motor will not run at a speed greater than that corresponding 
© the line frequency. A synchronous motor cannot de used alone, however, 
ecause it has no starting torque to overcome line friction in starting when 
oth sides of the line are unloaded or in balance. 


ff current generated by a tramway can be utilized for other purposes, it 
‘8 proper to credit the tramway accordingly and thus show a lower over-all 
perating cost. In practice, however, the tramway motor simply puts current 
lack into line to be used for other mine equipment. ‘The power developed by 

\ tramway can be calculated easily if the frictional resistance is known. 
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This, however, cannot de used as a basis of giving a power credit because of 
starting, stopping, and short delays. To make & proper credit, the tramway 
motor should be metered independently. . 


Power cost on tramways that actually require power seldom exceeds 0.2 
cent per ton=mile; in some instances it is less than 0.1 cent per ton-mile. 


Supervision 


The salary of a tramway foreman generally comprises the entire supervisior 
cost of operating a tramway. Aman for this job should be capable of splicing 
cables, repairing couplings, and supervising all repair work, A first-class 
tramway foreman frequently is one of the highest—salaried men in a mine 
presneeavien and may Beye the -same Berery rating as a mine or mill superintent 


Supervision eonta depend to a great extent on the asnt of material hand) 
Some large mining companies have two or more tramways under the supervision of 
.one man, The Real del Monte of Pachuca Co. in Pachuca, Mexico, at one time ha 
four tramways in operation, all under the general supervision of one American 
foreman with three or four native assistants. The cost in this instance was 
very low. Supervision should cost not more than 1 cent per ton-mile for trans 
of moderate length. and capacity. Generally, it costs less than this, At the 
Shenendoah Dives mine in Silverton, Colo., tramway supervision costs about 
three-fourths cent per ton-mile and at the Premier mine in Premier, British 
Columbia, about one-fourth cent per ton-mile., Both tramways are well-built 
and operated under good management. The difference in supervision costs per 
ton=—mile is due to the fact that the Premier tramway is about five times the 
length of the Shenandoah Dives, 


Tramways of limited length and capacity generally do not require an: 
extra man for supervision, The duties of a foreman can be assumed by one of 
the tram operators, and repairs can be made by the master mechanic of the mine 
or mill. This, or similar arrangements, are sometimes necessary on small 
tramways to keep tramming costs equal with mining and milling costs. 


Labor 


Labor costs generally are the largest éingié item involved in operating | 

a tramway. The system that requires the least men to operate is the one that 
will have the lowest per~ton-mile cost. Most tramways at metal-mining plants 
are used for hauling back freight as well as ore. It is this feature of meta) 
mine operating that often makes it impracticable, or at least inadvisable, to 
install automatic or semiautomatic trams at metal~mining plants. Tramway—~ 
operating costs at most metal mines in the western United States. range from 
about 5 to 10 cents per ton—-mile, In the coal-mining and construction industi 
of the eastern United States, tramming costs of 2 to 3 cents per ton-mile are 
uncommon, and costs as low as 1 cent per ton-mile are reported, The differen 
can be explained partly by the larger—capacity tramways used in coal mining a 
construction work, but also many of the tramways in- these industries are autos 
or semiautomatic and a a minimum of labor in their operation, 
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The Pardee Dam tramway, length 3.1 miles, capacity 220 tons per hour, 
consisted of two sections with an intermediate control station. Carriers 
at terminals and the intermediate control station were handled largely by 
mechanical means. The carriers remained attached to the traction cable 
while passing through the discharge terminal and were unloaded while in 
motion, This tramway could be operated by five men ~ two at each terminal 
and one at the intermediate control station as a safety measure. More men 
than this may have been used; on a basis of five men per shift, however, the 
labor cost of running the tram would be about 1/2 cent per ton-mile. 


| The Highland Boy tramway, Bingham Canyon, Utah, capacity 100 tons per 
hour, is a hand-operated system. The total length is 4 miles, It consists 
of three sections, each of which is operated by a separate control system. 
When operating at full capacity, five men are required at the loading station, 
: at each of the two intermediate control stations, and 3 at the discharge 
erminal, : 


A comparison of these two systems, the one automatic and the other hand~ 
operated, indicates that labor costs per ton—mile for the hand-operated system 
are approximately four times as great as for the automatic system, due partly 
to the larger capacity of the automatic system; if, however, it was operated 
at @ reduced capacity equal to that of the hand-operated system, the labor 
costs would still be only about half that of the hand-operated system. Under 
actual operating conditions, labor costs for hand~operated systems probably 
are 2 to 3 times those of automatic systems. 


Comparatively few automatic trams are in use in the metal-mining industry. 
One reason for this has already been mentioned — the necessity of hauling back 
freight. Another reason is that where wet ore is handled in cold climates, 
freezing would interfere seriously with the free dumping or unloading of the 
buckets and also with latching and wnlatching of a bottom or end door. 


‘The capacity of a hand-operated tramway sometimes is limited to the 
rate at which carriers can be handled at the terminals. When carriers enter 
& loading terminal at intervals of 20 seconds or less, it becomes difficult 
to take care of them by hand methods alone. If they are loaded and dispatched 
mechanically, however, they can be handled much more rapidly, At the Pardee 
Dan tramway it was found possible to load and dispatch carriers of 1-1/2-ton 
capacity in 4 to 5 seconds, The normal interval was 24~1/2 seconds and the 
rated capacity 220 tons per hour. The builders claimed that because of the 
ease with which carriers could be handled the capacity could be increased 
greatly by simply adding more buckets. 


_ two men is the minimum required to run a hand—operated tramway of the 
continuous double-rope type. For tramways having carrying capacities up to 

eO tons per hour, one man must be stationed at the loading terminal and one 

at the discharge terminal. If the capacity is very much greater than this 
nore men are required, especially at the loading terminal. Since the capital 
expenditures for a tramway of 20 tons per hour capacity are but little more than 
for one of 8 or 10 tons per hour, it is reasonable to assume that 20 tons per 
hour is about the low economic limit for tramways of the double—rope continuous 
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type. It is granted that there are small metal-mining plants that do not 
require a tramway of 20 tons per hour capacity; but in this instance, a . 
little extra bin capacity at the terminals is the only arrmgement required 
to permit the tram to be operated every other day or 2 to 3 days per week 
instead of at full time. Yor temporary installations where a small increase 
in capital expenditures is likely to be a controlling factor, a double-rope, 
continuous tramway of less than 20 tons per hour capacity might be justifiable 
For permanent installation, however, it would seem uneconomical to consider 4 
system of this kind of less than 20 tons per hour capacity, Where a snall 
daily tonnage is to be handled and where physical comiitions permit, it is 
better to consider a double~reversible or jig-back tram than a continuous 
one. The double-reversible tram requires about the same amount of cable as 
@ continuous double~rope tramway, but the terminals cost less and only one 
man is required to operate it, 


An important feature about tramweys that greatly affects operating costs 
is the capacity of the carriers. This often is overlooked when a tramway is 
designed to deliver a certain daily tonnage. The number of men required at 
@& terminal is determined to a great extent by the time interval between the 
arrival of buckets or the rate at which the carriers must be handled. Yor 
any given hourly tonnage it is obvious that with carriers of 1,200 pounds 
capacity, the time interval, and hence the number of men required to handle 
them, is only half what it would be with carriers of 600 pounds capaci ty. 

A larger track cable sometimes is required for the larger-capacity carriers. 
However, where the size of the track cable is determined by the permissible 
gag rather than by the weight of the concentrated load, there would seem to 
be little justification for using carriers of less than 1,000 pounds capacity. 
Even where this is not the case, the saving in cost of carriers would compens 
in part at least, for the difference in price of the cables, 


Operating costs of automatically operated tramways are affected little »; 
wage rates, Probably the lowest tramming costs in the world have been made 0 
automatically operated gystems in the United States, where wages are the hizh 
in the world, 


Labor costs of operating tramways at three metal mines in the United Sta 
and Canada are shown in the following table: 


| Labor cost, cents per ton Percez 

Tramway Location Per ton Per ton— of tot 

transported mile operat 

. costs 
Shenandogh Dives..| Silverton, Colo, 1 Ov 
Premier~/,..,.....| Premier, British : 63 
a Columbia | | 

FOr dsosseuewswox’ Hanover YN, Mex. 62 


l/ Average of 5 years, 
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Maintenance and Repair 


Maintenance and repair costs include repairs on terminals, control 
stations, and line structures and also minor cable replacements. The stretch 
In the traction cables must be corrected for occasionally by cutting out a 
small section and then resplicing the cable, The cost of replacing small 
sections of track cable in places where the wear is excessive generally is 
carried as a current operating charge under maintenance and repair, 


Minor cable replacements and other repairs that must be made from month 
to month fall quite naturally into current operating expenses. When a whole 
traction cable must be replaced, or when all or a large part of | 
2 track cable must be discarded and replaced, it is not so obvious how the cost 
should be distributed, Sometimes it is entered as a deferred charge against 
future operations, but generally it is charged to current operating expenses 
as maintenance or replacement, 


There are very few available data concerning replacement costs of rolling 
stock, sheaves, rollers, and other tramway equipmnt,. Replacei:ent of these 
items generally is charged to current operating expenses as maintenance and 
repair. Terminal sheaves on the Kennecott tramway of Kennecott, Alaska, give 
a duty of about 1,000,000 tons and line sheaves of about 115,000 tans. 


Cable Replacements 


The wear on traction cables is generally uniform throughout their length. 
Short sections must be replaced only in case of accidents that damage the cable 
in one particular place. Generally the cable is used wntil it is worn to a 
state that makes it unsafe; it is then discarded and replaced by a new one. | 
The following tables show the performance of track and traction cables at a 
amber of typical tramways and the cost of replacing on a basis of ton-miles,. 


Devreciation 


_ Actual depreciation charges against a tramway should be based upon the © 
total tonnage transported by it during its lifetime, At metal-mining plants, 
1owever, it is seldom possible to predict, even approximately, the tonnage 
that must be handled ultimately; hence, it is difficult to make a correct 
lepreciation charge against current operations. In practice it is customary 
to make relatively large depreciation charges against mining equipment during 
fears of prosperity, and thus the total capital expenditure of a tramway may 
e charged off many years before it has served its full usefulness. Under such 
-ircumstances, actual depreciation costs seldom appear on company books. 


Many tramways serve as surface transportation systems at metal-mining 
lants from the beginning of operation until the ultimate depletion of ore 
“eserves. Others lose their usefulness many years before the depletion of 
Te reserves because they are supplanted by other systems, such as long haulage 
wits. From a study of many successful tramways used at metal-mining plants, 
the cost appears to range from $30,000 to $65,000 a mile, A great majority of 
‘hese have transported more.than a million tons of ore and some as much as 3 


ilion tons. On this basjs, the actual depreciation costs range from a minimum 
1 cent to a maximum of 5 cents per ton. 
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Depreciation and amortization costs on the Kennecott tramway of the 
Kennecott, Alaska, are as follows: 


Length of tramway ssciscdesieneds tcacseiscsssansicwntes cee co00 Miles 
Total ore transported. .cccccccccccccscccseccscresree ty 905,000 tons 
Total cost of tTAMWAY eocccccccccercscccvcccsscese$l05, 519476 
Cost per be te e eee e errs eee ee 36, 390.00 


Depreciation cOStsS per tOMecseccvecccscseccsecsce -030 
Depreciation costs per ton-Miles...cseccccoscecce e011 
Amortization costs, 20 years at 6 percent, per ton O41 


Amortization costs, 20 years at 6 percent, per ton-mile .015 
DESCRIPTION OF INDIVIDUAL TRAMWAYS 


The following descriptions of tramways are based upon information 
supplied by mine operators in Alaska, Canada, the United States, and 
Mexico. 


Kennecott 


The Kennecott Copper Corporation had two tramways for transporting 
copper ore from its mines to the mill at Kennecott, Alaska, A single 
discharge terminal is used for both tramways. Since the two systems are 
of similar construction and have about the same construction and operating 
costs, only one, the Bonango tramway, will be described bre. ; 


The total length of this tramway is 2.86 miles, The country through 
which it passes is rugged and mountainous, The elevation of the loading 
terminal is 3,609 feet above that at the discharge terminal, 


Terminal and line structures are entirely of timber with concrete 
foundations, The loading terminal is 24 feet wide by 9% feet long, with 
two mill bins of 175 and 325 tons capacity and & high-grade bin of 250 
tons capacity, Unloading space for freight is approximately 24 by & feet. 
The discharge terminal is approximately 30 feet wide by 70 feet long, with 
400 tons bin capacity and 12 by 40 feet loading space for timber and other 
mine supplies, 


Line structures consist of 34 supporting towers of the through type, 
8 break~over towers or rail sections, including 2 intermediate tension 
stations, and 1 angle or control station, The distance from the loading — 
terminal to the control station is 6,305 feet and from the control stetion 
to the discharge terminal 8,705 feet. The tramway also is used for trans- 
porting timber and other supplies to the mine, Passengers may ride only by 
special permission, ' 


Driving and control machinery comprises a 50-horsepower motor geared 
to an 8-foot grip sheave at the loading terminal and a 35~horsepower motor 


geared to an &foot grip sheave at the angle or intermediate control statior. 
Total power developed by the tram probably is less than 20 horsepower. 
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The track cable is of cast. steel and of locked—coil construction; 
on the loaded side it is 1~1/4-inches and on the empty side, 1-1/16-inches 
in diameter. The traction cable is 3/4-inch in diameter, 6 by 7 lang-lay | 
construction, and of plow steel; it is operated at a speed of 450 feet per 
ninute,. Tension in track and traction cables is maintained by weight boxes. 


The carriers, sansa at 450 feet, have a capacity of 6 eubic feet or 
{25 pounds. On this basis, the carrying capacity of the tramway is approxi~ 
nately 21 tons per hour, The carriers are of the twomwheeled type and are 
equipped with Weber grips. | 


The tramway is operated two shifts per day and 363 days per year. 
Approximately 122,000 tons is handled annually. The labor required to 
operate the tramway two shifts is as follows: 


Loading terminals 2 men each shift loading and sending out buckets, 
Control station: 1 man each shift sending out buckets, 
Discharge terminal: 1 man eace shift dumping and sending out Duckets; see 
L lineman, 1 snift only, greasing and inspecting 
tramway $ , 
_i foreman looking after 2 trams. 
Total 2 shifts “10 


” 


The cost of operating the tramway, including labor, paint, lubrication, 
repairs, and bucket replacements, has averaged $6,27 per hour, Track cables 
at the break-over structures, where the wear is greatest, give a duty of 
about 230,000 tons; on the long spans, up to 3,000,000 tons. The duty of © 
the traction cable is around 230,000 tons, terminal sheaves 1,000,000 tons, 
and Line sheaves 115,000 tons, 


The cost of the track cables on the loaded and empty sides is $1.08 
er foot and $0.90 per foot, respectively; the traction cable is $0.18 per 
‘oot, Assuming a duty of i, »500,000 to 2,500,000 tons for the track cable 
n long spans and 230,000 tons for the traction cents replacement costs 
ould be as follows: 


—_ 


Cents p er ton-mile 


Track cable, loaded side: 0.23 to 0,38 
Track cable, empty side........ 019 to .32 
Total track cable Seecesocne 42 to , {0 


Traction CAD LC ss wise be eee ew eens 0. 83 
Total track and traction cables 1.25 to 1.53 
Total costs, including operation, liquidation of capital invest~ 
ent, and 20 years amortization at 6 percent, are as follows: 


| Per ton Per ton-mile 
Total OPOPALING 65156055 wceaswctewescnaants $0, 300 0.109 
Tr omway cost $105,519. TOswawGesin'eicwsines ° oe 9911 
20 years! amortization at 6 percentes... O41 2015 
LOCAL o sre.bis co wsiae g's Siew asewie wee es 371 0135 
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Premier ol 


The Premier tramway of the Silbak Premier Mines, Ltd., is in the 
vicinity of Stewart, British Columbia, and Hyder, Alaska, It extends from 
the Premier dock at. the head of the Portland canal in British Columbia to 
the Premier mine about 9 miles due north, The tramway, however, follows a 
route 11.5 miles long that roughly parallels the Salmon River in Alaska, 
This route was followed in preference to a direct route because it avoided, 
a high mountain range lying between the Bear River in British Columbia and 
the Salmon River in Alaska, (fig. 9.) ‘The line enters Alaska just north 
of Hyder and follows the Salmon River for nearly 10 miles before reentering 
British Columbia, The lower terminal is at tidewater, the upper one 1, 300 
feet above sea level, 


Three angle stations were required for the route selected, ‘The’ angles 
included between adjacent sections of the tramway are 81°25!, 1539453, and 


133°00!, ‘The total of the horizontal deflection angles is 171° 50° . Each 
angle station consists of a building approximately 150 feet long by 20 feet 
wide and 30 to 35 feet above the ground. One continuous traction cable is 
used for the whole system, It passes around smooth sheaves at the angle 
stations and the discharge tunnel and around a grip sheave at the loading 
terminal where the control machinery is situated. The carriers are run 
through the angle stations on rails, being automatically ungripped and 
gripped from the traction cable as they enter and leave, 


The lower terminal is built on piling adjacent to a dock. It has a 
bin capacity of 1,500 tons and enough space for handling supplies sent to 
the mine.: A 24-inch conveyor belt is used for conveying the ore from the 
bins to boats and scows, An incline provided with a hoist and car track 
is used in transferring freight from the dock floor “e on6 terminal floor. 


‘Besides the angle stations already mentioned, ‘theese are 163 line 
structures, consisting of 3 double-anchor stations, 1 double—tension station, 
7 combination tension and anchor stations, and 152 towers of the pyramid 
type. All three angle stations serve as either tension or anchor stations. 
Track cable sections.are anchored at one end and weighted at the other. All 
structures, including terminals, are of timber construction. Dimensioned 
timber was used for all but a few structures that were difficult of access; 
here, round or hewn timbers-were used. 


When the tramway was first built in 1921, 7/8~inch locked~coil track 
cable was used on the empty side and l~inch on the loaded side. The traction 
cable was 5/8~inch cast steel and was run at a speed of 500 feet per minute 
with carriers of 8cubic~-foot or 850~pound capacity spaced at 1,000~foot 
intervals, With this set-up, the carrying capacity of the tramway was 
approximately 12.5 tons per hour, Later on the output of the mine was in- 
creased, and the capacity of the tramway had te be increased accordingly. 


14) Pitt, Dale L., Work cited in footnote H (pe. 3)6 
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fron 12.5 to approximately 17.5 tons per hour, - 


The driving and control machinery, situated at the loading tunnel, con- 
sists of an 8=foot grip sheave and two 50-horsepower motors, one geared for 
starting and low speeds and the other geared direct by belt for normal running 
speed. - Carriers are of the two-wheeled type and are equipped with Riblet grips. 


' Complete construction costs, including material, equipment, and installa- 
tion, are as follows: 


Clearing right~of-way: Labor and SUPPLICSscresrecsecccecceseee Gedy 301095 
Upper terminals — | 
Excavatinz and Fourndationsececccrccccsccscvcves $ 2,140.17 
Building and constructionssccsccccescvccscccee LH, 839.54 
Equipments. s65.0-isstie aWawe were $2,011.16 


Installation costeccecescs ({5.82 2, 186.98 19, 766.69 


lower terminal? a 
Building and constructionesscseece | 
EQUI pment s.c<s6esescawe seeusewes $4,712.27 | 
Installation costesscescece 261.07 _4,973.34 21,776.76 


16, 803,42 


Angle stations: | | . oo 
Excavating and foundations.eceeces _ 2,702.67 


Constructions. .cccves eoncececoerces 9,929.1f le, 631.84 
Anchorage and tension station: | _ 
Excavating and foundationsecesces 5433212 
ConstMuctlonssceuseetenisecennen 12,679.75 | 
Tram CquipmMentcccccceccvccccccccccssse _ 112,056.89 130,169.76 
Generals a ee 
SuperintendencEsecceccosseccscces 6,183.84 
Traveling SXPENSSeeccccenccesce 2,591.85 
SUPVEYINGeccccvccscccccscscoccs 6, 309,06 
Mess: hous@e¢.dcs00.005.6004eeeeswe 10,699.79 
Accountingesccrccccveccscrcvccce 2, 806,50 
LUMD GP ob 6ewskanes ou'esewte se wees 21,298.92 
MiscellaneouSececcscccccesccces 2, 794-40 
Right-of~way (Government fees). 2,531.90 
Richt—of-way vesedesersecsvcsseee __ 3,110.57 58, 326.83 
Building VIOL1L Sos vec vieiteseseceee acess | 103935058 
Stringing cable: Equipment and installation - 16,188.94 
Ower s $ 
Excavating and foundations,.e.. 5, 681.96 | 
my Framing and CTectingececccccvcoe 20,256. 38 2); 938.34 
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Telephone line: | . | | 
PIQUA MON U 6:05:60 -6-ste:4w 6 ode dislnelb aa Gers 6S eS Mewes Cece ss $91.59 ; 
Installation costsecccosccccccccvccrccscsscscccseee 106.08 997,67 


Mess and bunk houses erected on Llin@e.cccrccecccccccccses 5, 457.64 
WOVGUOUEG Sis 6 cic 54.c:sie erescroreo-e wae se bike's ge We Cww ase Ne Ss ee ss oie 222.75 
Steamshin ELOT POG 6 wre :eeselara otis 925 bs 40,5 oo wieie ele es ekobiee es 8, 372,20 
Team DULLED Sc sic'e.ois.nie isaie eile aeiee sowie seAnseicecs eee eidee eal bby 2,14 
Total cost of tramway construction. .eccesecccccvcrececces Lae ER 
Enlargement of tram bin, March 1923. cccccccccceccccvecces 1,139,441 
Installation new tram drive, September 1924... cccccccccee 4 307.03 
Total capital CO XPCNG 1 UUs 56 esare- 6 oh be bi oe ees wee eee 3 0,189.53 
Cost per mile (11.5 MUGS) ew susiocionsylanesGn celnenes 31, 320 


During the period from 1925 until about 1930 the tramway was operated 
at full capacity on a threeeshift basis, 7 days a week. An average of about 
‘400 tons daily was handled during this entire period. The crew required to 
operate was as follows: 


| _ | Total 
Loading terminal, 2 men per shift.ecccccccce 6 
Angle stations, 3 men per sShifteccecccccccce 9 
| Lower terminal, 2 men per SOIT tes csseetewees 6 
Foreman, upper terminal, 1 day shift only... 1 
Blacksmith, 1 day shift ONLY secccccvccscoece 1 
Blacksmith helper, 1 day shift onlyseeccecces a 
Linemen, 3 day shift ONLVecccccncsscsevcccce 3. 
Bull gone’, 3 day Shift Onl siceceevae< ww suas 3 
General superintendent, 1 day shift only.... 1 
DO UA Lge, sisia-0'G 6-610 6 60:5 Oe eee wee wale 31 


Although the carriers were ungripped and gripped automatically at the 
angle stations, it was considered prudent to have a man stationed at each to 
insure against accidents. The linemen did all of the routine maintenance work 
on the towers and tension and anchor stations. Heavy repair work was done by 
the bull gang under the direct supervision of the general superintendent, 


All mine supplies, including pipe, rails, lumbcr, coal, fuel oil, and 
food stuffs were transported over the tramway, The major portion was trans- 
ported by carriers with regular buckets, but special carriers were used for 
timber, pipe, rails, and fuel oil. Two carriers were used for pipe, rails, 
end lumber. loads up to 30 feet in length could be hand!ed in this manner, 
Fuel oil was transported in special carriers of 42 gallons capacity. When 
the mine was operated at capacity, an average of 2,150 gallons of fuel oil 
was hauled daily. From 1924 to 1928, inclusive, 5,000 to 7,000 tons of up- 
freight was hauled annually. | 


The first track cables lasted about 4 years (about 520,000 tons) and 
the traction cables about 3 years (about 375,000 tons), The larger cables 
that were substituted later lasted longer. _ Cable wear was greateet where 
the tramway crossed summits, Replacements were made when necessary and 
charged to operating expenses. From 1926 to 1928, inclusive, the cable- 
replacement costs, not including labor, averaged 0.45 cent per ton-mile for 
the track cable and 0./#4 cent per ton-mile for the traction cable, Total 
: rating costs from 1924 to 1928, inclusive, are as follows: 
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Costs per ton 


Account 1926 1928 


Operating’ | 
LEO iss sesiodaiesiewudees $0. pall $0,337 
es “01 -00 004 »002 


Total operating......+es mag | oe | ak | oe _ 2335 


Maintenance of terminals and 
line structures’ 


LADO? «csv svwaieue esas ses .018 
SUPP Lleseccecccvcscvscces 004 
LO CO 666 bse eewees Seek os 022 
Maintenance of equipment 
(including all cable re~ 
placements, rolling stock, ae 
and telephone line): et 
LADO? ss.s:b- es 6600 sie-es ee 2095 
SUPP lLiOSs sesece sic woeen 218 
ROCA ook 66:6:4064266 So we 280 
General and overhead; ok 
Superintendence.....eec 024 
a ~~ acetone 2020 
Miscellaneous luhrica~ ek 
tion, lights, etcereec.. OWL 
OtAlecsepreresscrerees 20S 
Grend totals per toncecsccoce 1,048 1.139 0019 88] » {26 
Per ton—milescccccccscccce e091 059 OTL 206 


Por ter—Taaho"4/ 


The Porter-Idaho tramway of the Prenier Silbak Mine, Ltd., is just south 
of the Premier tramway and on the opposite side of the Portland Canal, (Fig. 9) 
It extends from the Marmot lock on the Portland Canal to the Porter Idaho mine. 
The total length is five miles. {ft follows the general course of the Marmot 
River and the North Fork of the Marmot River for about 3-1/2 miles and then 
Tuns directly up a steep moumtainside to the Porter Idaho mine, 


| The tramway profile is very easy from the Marmot. dock to the forks of 
the Marmot River and the North Fork, ‘Beginning a few thousand feet beyond the 
forks, however, the terrain is very rough all the way to the mine, At one 
Place a hy, 200-foot span was necessary to avoid a large area of perpetual snow 
slides in’ the winter: and rock slides in the summer, Between this point and the 


‘mine, all structures (five in all) are rail sections, tension stations, or 
anchor stations, 


| All structures, including terminals, are of steel set on concrete founda~ 
tion plers, Line structures consist of 37 towers, 5 tension stations, 4 rail 
sections, and an angle station, The angle station is at the fork of the Marmot 


ay Pitt, Dale L., Work cited in footnote Pe 3)e 
. T43e ~33— 


Google 


I. Cy 7095" 


River and the North Fork. Carriers are detached and attached when entering 
and leaving this station. An intermediate control station is situated 
approximately two-thirds of the way from the lower terminal to the mine and 
at an elevation of about 2,000 feet above the lower terminal and 3,000 feet 
below the loading terminal, The upper terminal is 105 feet long by 30 feet 
wide; the lower one is 120 feet long by 30 feet wide and has 1,000 tons din 
capacity. 


The diameter of the track cables ranges from 1 inch to 1-3/8 inches, 

The larger sizes are used on the longest spans. All cable sections are 
anchored at both ends. The traction cable is 7/8 inch in diameter, of plow 
steel, and is operated at a speed of 550 feet per minute, Driving and control 
machinery consist of a grip sheave at the loading terminal geared to a &- 
horsepower motor and one at the intermediate control station geared to a 

horsepower motor, Carriers are of 850 pounds capacity and spaced at 800- 
foot intervals. The rated capacity of the tramway, according to this, is 17 
tons per hour, Carriers consist of two 2=wheeled carriages with a bucket 
suspended between. Two Riblet grips are provided for each carrier to insure 
safety on steep slopes of 30° or MOT@. ; 


The tramway was operated for only a sheet time, and therefore operating 
costs are not available. Construction costs were as follows: 


Cleaning right-0f-waysececccccccercccccccccccsceresees © Jy Lob OF 
Lower MOLMINGL 66 6:60:66 SG awe Se bk Owes bs Seas eeGcweeeeue -19, 581, 22 
Upper VOPMIN GL ce i.4)s ss sue 6560 0066 060s 6 eeeen ces oe see unes 13, 603, &7 
Angle STALL ONs ocncaaccererersceeeerseeessesenecasceess 13,097.25 
Intermediate control BLAUIONscasetossseeweerl ee ce hees ll, 1h, 
All line SUPUC CUT OSs s4.c sss eb bee oo Gb ou ueewaleeaceeeeenes 33, 328. 82 
Telephone DING 5566s: b:0 sso abcsiee Fosse serOeseneeweesees 2 » 139099 
Cable Secccccccccccccccccccesscccccceese$ 30, 306655 


INStAlLleA tl ON 6.o.sekeneseeseeen cee runs 43, 743,72 
Wiring and lightingscccypeccccccceccecce ; » ToL.13 
Tramway Squipmentes cccvrvsescvecsccssesos. 66.56 
Painting Bll structuresececaccscccccccs | 1 poe 
Superintendence and engineeringse.s..ccoe 17, 320.12 
Construction Cquipmentesccceccccccescese : _— 


Auxiliary tramways: | 
Inetal lation oc osewiescsse bacdedew es 7, 027253 
: Operatlons.s svcsccncacnsesceseeeeees 15,5206 55 20, st 86 
_ Handling and transporting suppliesecec. | . 62. ,039. a 
- Temporary Living QUATTETSececvccsccccce 
Total BOE wis sccaseveraneere aoe Siew ese baw ee ee owen 3l1e, rad oo 
Cost per MILO cawecsvesccccccvccscsccnccsensccseve 62, te 
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Silver King Coalition 


The Finlayson tramway of the Silver King Coalition Mines Co, is near 
Park City, Utah. It is used for transporting crude ore and concentrates from 
the mine and mill to.a railroad loading station near Park City and also for 
hauling coal and other supplies to the mine and mill. For some years timber 
and hay were hauled to the mine, but this practice has been discontinued, 
The total length is 7,047 feet. The country through which it passes is 
nountainous and quite rugged. The loading terminal is at an altitude of 


8,150 feet, the highest point is 8,250 feet, and the discharge terminal is 
7,500 feet above sea level, | | | : 


Line structures consist of 38 pyramid towers and 1 tension station, | 
s11 of steel construction with stone masonry and concrete foundations. fhe 
terminals are of timber construction, with bin capacities of 700 tons each, 


Track cables are of flattened—strand construction (fig. G6) and of plow 
steel. The one on the loaded side is 1-1/4 inches and that on the empty 
side 1 inch in diameter, Tension is maintained by weight boxes suspended at 
the tension station, The traction cable is 7/8 inch in diameter, 6 by 19 
lang~lay construction, and of plow steel; it runs at a speed of Ou feet per 
minute. Carriers of the 2—wheeled type and 6—cubic-feet capacity are spaced 
at 184—foot intervals, They are provided with a mechanism for attaching by _ 
means of lugs or buttons that are riveted to the track cable. When loaded, 
they hold 1,000 pounds of lead concentrate or 700 pounds of zinc concentrate. 
The carrying capacity of the tramway according to this, is 40 tons of lead 
concentrates or 28 tons of zinc concentrates per hour, 


This tramway was built in 1901. The cost of building was approximately 
as follows: Cost of equipment, $25,000: cost of structural material $15, 8903 
cost of labor for erection, $29,020; total cost $64,920, or $48,750 per mile. 


The tramway has been operating almost constantly since it was built. 
From 1901 to 1937 a total of 1,197,830 tons of ore and concentrates, or 
an average of 35,230 tons per year, wes carried, A total of 90,000 tons 
of coal, or an average of 2,500 tons per year, was carried on the return 
or empty side, There is no record of the hay and timber carried, 


The l-inch track cable on the empty side is still in use after nearly 
38 years of service. The 1-1/4~inch cable on the loaded side was replaced 
after 24 years of service. Traction cables last about 3 years. Cable re- 
placement costs, based on list price less a discount of 5-10-5—5 percent 
for track cables and 20-10-5—5 percent for traction cables, are as follows? © 


Cost 
. Diameter, inches Duty, tons per ton mile, 
. cents 
Track cable, loaded sidecsescsecees 1-1/4 800, 000 ce. 
Track cable, empty sidessececesre 1 1, 200,000 019 
Traction CA01C 46 kw cess 6s 48 owes 7/8 125, 000 _1.(0_ 
DOGS ipa oa creaeis eee ae wa ee eee 2033 
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Highland Boy 


' The Highland Boy tramway of the National Tunnel & Mines Co. is at 
Bingham Canyon, Utah. It is an unusual installation in that the capacity 
(100 tons per hour) is larger than that of most tramways used in metal min- 
ing. The country through which it passes is rugged and momtainous, but the 
profile is not extremely difficult, It passes over two summits, one about 
6,650 and the other about 6,250 feet above sea level. The loading terminal 
is at an elevation of 6 ,750 feet and the discharge terminal 6,500 feet above 

sea level, The longest span is about 1,100 feet. Several thousand feet of 
the line ascends slopes of er 


The tramway is built in three sections with two intermediate control 
stations. The first section, from the loading terminal to the high sunnit, 
is 4,625 feet long; the second, fromthe high summit to the second control 
station, is 3,825 feet long; and the third, from the second control station 
to the discharge terminal at the smelter ie 12,525 feet long. The total 
length is 20,975 feet, or approximately if miles. On the first section the 
loads are pulled against an adverse grade that averages about 32~1/2 percent; 
on the other two sections, the loads travel downhill. The vertical distance 
from the loading terminal to the first control station is 1,500 feet; from 
the first to the second control station, 1,500 feet; and from the second 
control station to the discharge terminal, 1,250 feet, 


All structures are built of timber, The loading terminal has seven 
bins of 150 tons capacity each, and the discharge terminal five bins of 100 
tons capacity each, Line atructures comprise 78 supporting towers, 1 double- 
tension station, 1 double-anchor station, 4 combination anchor and tension 
stations, and 1 rail structure, 


Track cables on both loaded and empty side are 1~1/2 inches in diameter 
and of locked—coil construction. Tension is maintained at 30 tons by means 
of weight boxes suspended at the tension stations. The traction cable is 1-1/1 
inches in diameter and 6 by 19 lang~lay construction. It is operated at a spe 
of 600 feet per minute. The carriers, of 1,200 pounds capacity, are of the tw 
wheel type and weign 750 pounds unloaded. They are spaced at intervals of 218 
feet; the time interval is 21.6 seconds. 


The tramway was built in 1909, In recent years it has been operating 
only 3 days per week at about 50 percent capacity. In 1928 and 1929, however, 
it was operated one 7~hour shift per day at a capacity of approximately 95 ton 
per hour, ‘hen operating at full capacity, the operating crew ccnsists of 5 
men at the loading terminal, 2 at each control station, 3 at the discharge 
terminal, 1 foreman, and 1 Lineman, a total of 14 men, 


The cost of installing the system, not including bins, was $190,000, or 
$447, 500 per mile. When it was operated at full capacity, the operating costs, 


including all repair, pera and replacement charges, was 26¢ per ton or 
(¢ per ton-mile, 
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Shenandoah Dives 


The tramway of the Shenandoah Dives Mining Co. is in San Juan County, 
Colorado, about 3 miles northeast of Silverton, It extends from the company 
mine in Arastra Basin to the mill in the Animas Valley, a distance of 10,000 
feet. The difference in elevation of the terminals is 1,500 feet. The profile 
of the line is moderately steep but otherwise not difficult. 


The terminal structures are of timber with concrete foundations. Line 
structures comprise 2 tension stations, 1 rail section, and 11 square or box~ 
type towers, all of steel construction, The towers are 16 by 16 feet in plan, 
four of two-bent and seven of three~bent construction. ‘The rail section is 
32 feet long. The tension stations, om 20 and one 32 feet long, consist of 
three bents each, All structures are set on concrete foundation piers. 


One and one-quarter~inch plow-steel cables of the half=lock type (fig. 6) 
are used on both the loaded and the expty side. Cable sections are anchored 
at both ends, From 30,000 to 35,000 pounds tension is applied at the tension 
stations by means of heavy blocks. The traction cable is 7/8~inch, lang lay, 
6 by 19 construction and of plow-steel grade, Rolling stock cousists of 45 
carriers of li~1/2-cubic-foot or 1,450—pound capacity, 7 of 20-cubic-foot or 
2,000~pound capacity, and several timber carriers, All ore carriers are of the 
revolving type and have four-wheel carriages and Carstarphen grips. Only one. 
timber carrier is required for a load of timber or lumber, The traction cable 
is run at a synced of 500 feet per minute with the carriers spaced at 400 feet. 
The rated capacity 1s about 55 tons per hour, 


The driving and control machinery situated at the loading terminal, consists 
of two 6—foot grip sheaves, one geared to a 50-horsepower variable-speed. motor _ 
and the other to 50-horsepower induction motor. The grip sheaves installed when 
the tramway was built were not satisfactory and new ones were substituted later, 
The grips or jaws of the first sheaves were socketed in a continuous groove and 
depended on gravity to open them for receiving the cable. With the new sheaves, 
each grip is socketed in a separate pocket with rubber mowmting that forces it 
open when the cable is released, Sheaves of this desig are not available as 
standard tramway equipment. They were designed especially for this tramway by 
— late D. J. Nevil, of Denver, and were built by the Stearns—Rogers Co. of 

ver, 


The tramway was designed by ¥. C,. Carstarphen, of Denver, and material 
and equipment were purchased from various other sources, Construction was 
begun in the summer of 1929 and completed in the following December, The tram~ 
way was put into operation immediately after construction was completed and has 
been running continuously since, 


A stub tram from the upper terminal is used for transferring lumber, timber, 
powder, and other supplies from the terminal of the main tramway to the level 
of the timber yard, shops, and hotel, 100 feet above the terminal. Carriers 
loaded with freight are switched from the main tramway to the stub tramway, 
From the upper end of the stub tram they are run on overhead rails to the timber 
yard, warehouse, hotel, or wherever the freight is to be delivered, 
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An advantage of the square type of tower used in this tram is that it 
increases the number of points of support, thereby diminishing the magnitude 
of the deflection angles. Each tower had two or three saddles for each cable 
instead of one, as in the case of most standard types of supporting towers, 
When the main tramwey was first built, it was equipped with standard rocking 
saddles; those on the loaded sides were replaced by the continuous grooved 
rails (fiz, 7) that already have been described in connection with the general 
discussion on saddles, Inverted 90—pound railroad rails are used on the 
structures having three points of support at 8-foot centers and 12~inch I~ 
beams on those having only two points of pect at 16-foot centers. 


The seven 20=cubic-foot buckets are of all—welded construction and were 
made up at the mine shOp from 12~ or 15~gage silicon-manganese steel. These 
buckets decrease the tare weight of the carriers from 780 to 600 pounds and 
increase the carrying capacity from 1,430 to 2,000 pounds, 


‘Eighteen hundred feet of track cable on the loaded side was replaced 
after 3 years use, This showed a small decrease in diameter but was otherwise 
in good condition. Other renlacements consisted of short sections at five 
points; at the places where the wear is most severe, a life of 2 years can be 
anticipated, Tuese replacements nave been charged to current operating expenses, 
Up to December 1937, two track cables had been replaced, The first ons had 
transported 563,000 and the second one 834,000 tons of ore. Damage caused dy 
eccidents made it necessary to replace both cables at an earlier date than 
Otherwise would have been necessary. The replacement costs were $0.0035 per 
ton-mile for the first cable and $0.0024 per ton-mile for the second. 


Five men aoemarly are reouired to operate the tramway ~ two at the 
loading terminal, two at the discharge terminal, and a foreman, When powder, 
timber, and other supplies are sent to the mine, extra men must be put on as 
freight handlers. In the costs shown here, it. should be noted that credit is 
given the tramwey for freight handling on the main line but none for operating 
‘the stub tram, which is used exclusively for freight. After making an ad~ 
justment for this, the costs per ton-mile for handling ore only are approri- 
mately 5.13 cents, instead of 6.13 cents as shown. The costs broken-down for 
October 1937 are as eel SS 


o7 tons of ore trammed and mi} bal to Show 
shifts at 294.6 tons per “shifts Length 2 niles approximate 
: | | Per 
Account I Amount Totals Per ton ton mils 
Supervistonsseseeesecees eee x 2 ; $271. y) ' $0,0152 $0.0076 
or 
Operators, main tramway. $1,096.40 20616 0308 
_ Operators, stub tramway, 56.56 | | 20199 20099 
Operators, freight handlers 461,96 | | 9025 00130 
Total labor. e@eovreee. ; | a 911.92 . LO 20537, 
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BEE tons of ore tranmed and milled: 6.4 to $~hour shifts 


| | Per 
Account _ Amount Totals Per ton ton mile 
‘ire insurancée....ee 60556 0034 0017 
ubricatlones....cee, 8.10 - 0005 0002 
‘iscellaneous items.e. | 7 ue 0008 . - 0004 
AEDS vais eutiea slow Sesion 28496 ~0016 20008 
OOLSeeccssecccsccced Bleek : 39.29 0022 -OO11 
a@intenance and repairs: — oo 
Buildings. @sveeevree : Ce $0 20002 0001 
CALE Secencecerves 137-98 20078 29039 
Power and electric oe _ 2, 

Plante sccccoscese 5 » 69 ) »0090 | © 0045 
Rolling stockseceece. 4 | | 29009 29005 
TOWED Seeccercerces 132 | 0011 «0005 

‘otal maintenence and ———- : a 
TFOPALY Sewis-becdscwwee | 46 20190. O 20095, 
Toss operatlones.ses 2,672,0 ol501 ©0750 


ess credit for up . uc ee ei ; 

freight. Coccravcccce ) 0./2 02 eOL 

let tramway. operating $2,181.34 | rss | 206 13 
The tramway is used for passenger service as well as for freight ana ore. 

fany of the men who work at the mine live in Silverton and make the round trip 

0 the mine each day on the tram. Up to December 1, 1937, 2,000,000 passenger 

‘ound trips and 8,000,000 passenger miles had been made over the line. About 

500 tons of freight. is taken to the mine each year. To date, (March 1939) 

proximately 1,800,000 tons of ore have been handled. When. operated to capacity 


rithout interruption, 1,100 tons of ore can be handled in 20 hours, ‘The cost of 
the main tram was $126, 000, or $63,000 per mile. The stub tram cost $7, 00 extras 


Peru 


The tramway of the Peru Mining Co. at Hanover, N. Mex., is used for carrying 
rude ore from the mine to a railroad loading station, a distance of 2,225 feet. 
the country is moderately rough, with a. fairly uniform slope from the loading 
‘erminal to the discharge terminal, 300 feet vertically below. 


All structures are built of timber, The loading terminal has a bin 
capacity of 450 tons and the discharge terminal 275 tons. Line structures 
comprise five supporting towers of the through typee At the end of the loading 
terminal is a shor t break—over PRrUSeunes i 


The track cable on the loaded side is of smooth—coil construction and 1 inch 
in diameter; on the empty side, smooth—coil construction and 3/4-inch diameter 
ls employed, They are anchored at the loading terminal and weighted at the dis~ 
charges terminal, ‘Traction cable is of 6 by 19 lang~lay construction, 1/2 inch 
in diameter and operated at a speed of 400 feet per minute. Carriers are of the 
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two-wheeled type, .of 800 pounds capacity, and spaced at 300-foot intervals, The 
carrying cece | of the tramway on this basis is 32 tons per hour, It actually 
delivers around 420 tons in two S-hour shifts, or about 26 tons per hour, 


Driving and control machinery consists of a 15~hor sepower motor geared to 
& 60-inch-dismeter smooth sheave located at the loading terminal, . 4 


' The tramway was built of used equipment, and construction costs are not 
availeble. Three men are required to operate, two at the loading terminal eni 
one ‘at the discharge terminal. Labor for operating is contracted for at 5 
cents per ton. Operating costs for 1937 were as follows? = 

Number of tons transported ~ 118,600 ° 


Labor $6; 404,00 5.4 cents per ton 


Maintenance ee 1,0 de 

Replacements 1,/58,00 1 do. ) 

Total 9,358.6 78 do. 
Bagdad 


The tramway of the Bagdad Copper Co, at Bagdad, Ariz., is of the dovble- 
reversible or jig-back type. It is one of a comparatively few systems of its 
type and capacity tobe found in the metal-mining industry in the western 
United States. Most reversible tramways in the industry are of very limited 
Length and capacity and will be found principally at small mining plants that 
do not require a transportation system of great carrying capacity. 


. The Bagdad tramway can carry about 300 tons in 8 hours, or approximately 
3& tons per hour. It is used for transporting copper ore from the mine to the 
‘mill, a distance of 780 feet, The country is fairly flat, but there is enough 
slope for thé loads to run by gravity. | | | 


Track cebles are of locked~coil construction and 1-1/2 inches in dismeter 
Traction cable is of 6 by 19 regular~lay construction and 1/2 inch in diameter 
The carriers are of 1~ton capacity and dump automatically. The driving 
mechanism consists of a small mine hoist with a single wood—lagged drum geare 
to a 15-horsepower reversible motor, Two turns of the traction cable around t 
drum provides enough friction for propelling and controlling the loads. 


One man does the loading and operates the hoist, Dumping at the discharg 
terminal is automatic. Detailed tramming costs are difficult to determine 
accurately; the tramway operator on night shift operates a crusher also, and 
the day-shift operator runs the tram only; the night~shift operator runs the 
trem about 2 hours and puts in the rest of the shift at the crusher, On this 
basis, the tramming costs are about 3 cents.per ton. During December 1938 and 


Jemary, February, and March, 1939, 29,198 tons of ore was handled. | 
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San Francisco Mines of Mexico, Ltd. 


The tramway system of the San Francisco Mines of Mexico, Ltd., at 
en Francisco del Oro, Chihuahua, Mexico, has already been mentioned in the 
hapter on underground construction, The present system is the third that has 
een in use during the period of active operation of the property, which began | 
rior to 1906. The first tramway, which had a capacity of 300 tons in 24 hours, 
as replaced in 191] by one having a capacity of 500 tons in 24 hours. ‘This was 
eplaced in 1934 by the present system, which has a rated capacity of 110 metric 
os, or approximately 121 short tons per hour, It is actually operated at a 
apacity of 2,100 metric tons a day. 


The complete system comprises two separate tramways or divisions, each of 
hich is built in two sections, It is of more than usual interest because of 
he underground feature of one section of the San Francisco division and also 
ecause of the great flexibility of the system as a whole, Ore from three 
ines 4s handled jointly by the two divisions. Each division can be operated 
ndependently c:? the other, and cone section of each division can be operated 
ndependently of the rest of the szsten, 


The San Francisco division has a total length of 7,890 feet. The lower 
ection extends from the Hacienda mill to an angle station near the portal of 
he La Tinta adit, a distance of 4,820 feet: the other extends from. the angle 
‘tation into the adit for 3,070 feet to an underground loading station near 
he San Francisco shaft. The first section handles the ore from the Clarines 
Tanway, which has its terminal at the La Tinta angle station, as well as that 
Ton the underground loading station of the San Francisco mine. Both sections 
re controlled by one motor situated at the Hacienda Mill terminal and geared 
Oagrip sheave. Power is transmitted from one section to the other through 
w grip sheaves at the La Tinta angle station and connected by a clutch mechanism 
‘0 that the first section can be operated independently of the other. 


The ground profile from the Hacienda mill to the La Tinta angle station is 
elatively flat and even. Line structures on this section of the tramway com- 
Tise 3 rail. sections, each 22 feet in length, and 7 pyramid towers. The dis~ 
farge terminal is 210 feet in length, with 126 feet of dumping space and 3,000 
etric tons bin capacity. The La Tinta angle station is 182 feet in length, All 
tructures are of steel on concrete foundation piers. Construction practices 
sed on the underground section of the tramway are described in the chapter on 
nderground construction. Old worked-out stopes were utilized for underground 
oading bins. Ore is loaded from these bins directly into the tramway carriers 
‘rough six loading chutes. The total capacity of the bins is 7,000 metric 
ons; the total length of the loading station is approximately 286 feet, 


Seven—eighths—inch locked~coil cable is used on the empty side and 1~1/2~ 
Nch on the loaded side. Tension on the loaded side is maintained at 30 tons and 
1 the empty side at 12 tons by concrete blocks suspended at the La Tinta angle 
‘tation ard the Hacienda terminal, The traction cable is of 6 by 7 lang-lay 
‘ustruction 5/8 inches in diameter and of plow-steel grade. It is operated at 
‘speed of 500 feet per minute. The carriers, of the two~wheeled type, have a 
‘pacity of 1 metric ton of sulfide ore or 800 kilograms. (1, {30 pounds) of oxide 
Te, The average carrying capacity of the tramway when handling oxide and sulfide 
yp is around 110 metric tons (123 aca tons) per hour, 
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About 190 tons of steel was used in the-construction of this tramway. 
Track and traction cables, tension-station and anchor~station equipment, 
terminal machinery, line couplings, and. saddles were furnished by contract 
by the American Steel & Wire Co. at a cost of $52,000, - The cost of structural 
material, including steel, concrete, and timber, was $30,00C. Installation 
costs, including labor, supervision, engineering, etce, were cs 000, making 
a total of $116,000, or approximately $77, 233 per mile. 


The Clarines tramway has a total length of 16,460 feet G. 12 miles). 
One section extends from the discharge terminal at the La Tinta angle station 
to the La Mesa loading station, a distance of 3,021 feet, the other from the 
La Mesa loading station to the loading terminal: at the Clerines Mine, a distance 
of 8,304 feet. Ore from the El Toro. mine is locded at the La Mesa loading sta 
tion. Both sections are driven or controlled by one LOmhor sepower motor at the 
La Mesa loading station geared to a grip sheave. This grip sheave is connected 
by a clutch mechanism to another, which operates the second section. The 
arrangement is similar to that. at the La Tinta angle station of the San 
Francisco division, except that the motor and both grip sheaves are at one. 
station, wherzas at the San Trancisco tramway two erip sheaves ere at one sta 
tion while the motor and one grip sheave are at another. Carriers from the 
Clarines mine pass. éirectly through the La Mesa lodding station on their way 
to the discharge terminal at. the La, Tinta angle station of the San Francisco 
tramway. When. handling ore. from the La Mesa bins, the second or Clarines 
section can be unclutched and the first section bt independently. 


The arouse: profile of this divieion is more difficult than that of the 
San Francisco, . The terminals are at-.about the sdme elevation, 6,700 feet 
above sea levels the highest intermediate point is 1, (00 feet above sea. level. 


Terminals and all intermediate structures are of steel with concrete 
foundations, The Clarines Loading terminal has a bin capacity of 1,200 tons, 
the La Mesa loading station 300 tons, and the La Tinta discharge terminal 
1,200 tons, The track cable on the loaded side is l~1/l-inch locked—coil 
construction, on the empty side 7/S-inch locked—coil construction. “The trac- 
tion cable is of 6 by 7 lang-lay. construction, 3/4 inch in diameter, and of 
plow steels It is operated at a speed of 500 feet per minute. The carriers, 
of the two-wheeled type, have.a-canacity of 500 kilograms (1,170 pounds) of 
sulfide ore and a little less of oxide,ore. The carrying capacity of the tran 
way is 50 metric tons of sulfide.ore per hour, or 4Q tons of oxide ore per hour. 


Both the San Traneisco ena, the Clarines tramways are semiautomatic in 
operation, The overhead rails at the terminals are sét at enough grade so 
that the carriers run by gravity from the point at which they are detached — 
from the traction cables to where. they are loaded from hand-operated chutes. 
From the loading chutes they run by gravity to automatic attachers, where they 
are held by an operator until the proper time for dispatthing. Dumping at the 
discharge terminals is done automatically by a tripping device that can be 
moved to any point where dumping is desired. In passing through angle and 
intermediate control stations, the carriers are detached from one section. and 
attached to the other entirely by mechanical meandg. 
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Traction cables are good for about 1,000,000 metric tons. After a cable 
as Deen used for about 600,000 tons on the heavy—duty or surface section of 
he San Francisco tramway, it is changed to the underground section, where it 
ives an additional service of 400,000 metric tons. Track cables on the 
jan Francisco tramway are still good after 5 years of use, during which time 
proximately 600,000 metric tons a year, or a total of 3,000,000 metric tons 
if ore, was transported. 


Operating crews consist of 7 men per shift on the Clarines tramway and 9 
nm the San Francisco. Besides the regular operating crews, there is a crew of 
ine men who do repair, maintenance, and eable~replacement work. The total 
werage crew and the wage rates (Mexican currency) for the year ended 
eptember 1938 is as follows: 


verage tramway crew during fiscal year ended September 30, 1938 


larines tramway 7 Men Pesos 
‘larines loading station: 


1 dispatcher at 5 pesos per shift 3 15.00 

1 loader at 4.5 pesos ver shift. 3 13.50 

1 operator at 4.5 pesos per shift 3 13.50 42.00 
intermediate loading statien: 

1 motor operator at 5 pesos per shift 3 15.00 

1 helper at 4.5 pesos per shift 3 13.50 28.50 


ischarge terminal: | : | 
1 dispatcher at 5 pesos per shift 3 15.00 7 
28.50 


1 operator at 4.5 pesos per shift 3 13.50 
iepair crew: _ 
l repair foreman i 6.50 
1 repair helper 1 vega | 
1 Oiler 1 250 ie8 
Total ay 114.50 
an Francisco tramway | | | 
Inderground loading station: | 
1 dispatcher at 5 pesos per shift | 3 15.00 
operators at 4.5 pesos each 12 Bu. CO 69.00 
ingle station: | 
1 operator at 4.5 pesos per shift 3 13.50 13.50 
ischarge terminals 
1 motor operator at 5 pesos per shift 3 15.00 
1 dispatcher at 5 pesos per shift 3 15.00 
1 operator at 4.5 pesos per shift 3 
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San Francisco tramway (Cont'd) Men Pesos 
Repair crew: | 
l repair foreman 1 9. 
l cable repairman 1 9-15 
1 cabo menor 1 6.50 
1 oiler 1 F 
1 repairman 1 200 
1 repairman tae 050 we 
Total 33 <_ 105.75 
Generals 
1 truck driver Je. 6.00 6.00 
Total per day 58 286.25 


Operating costs of the Clarines tramway are slightly greater than those 
for the San Francisco. The costs shown in the following table are for.a total 
of 570,710 metric tons of ore havled over the surface section of the San Francis« 
tramway. Of this, 43,150 metric tons was from the El Toro mine and 128,580 metric 
tons from the Clarines mine. All costs are in United States currency. 


Aerial tramsay cost per metric ton, 12 mcnths ended Sevtemter 30, 1938 


. Over-all 
Clarines san Francisco La Mesa _total 
Distance in miles... © 4.00 1.5 | 2.43 15,13 
Metric tons hauled... 128,580 329, LO 43,190 570,710 
Labor and bosses..eee $ 0.1100 $ 0.0414 $0.0851 $ 0.0602 
SUD Le Assataaseoen se . .0252 200g 20201 00133 
ROWE T sincs aowies-eauseelews 00053 eOO11 20023 e001 
ae and miscel- 
BNCOUSscesccssvecsse Old rele 56 20125 __ 20073 
DOC Ale aerrveeseae 01525 00575 01290 20875 
Per metric ton—mile.. 003815 00384 0493 00352 
Per ton—milesrercccoe LO 7 : 


l/ Average. 
Replacements, including 10,000 feet of 5/8-inch traction rope, and major 
repair items requisitioned during the above period amounted to $3,150.00 United 


States currency or 0.0055 per metric ton, virtually all of which was for the 
San Francisco tramway. 


Summary 


A summary of-costs. and other data from the AOneSOENE description of indi- 
vidual tramways is-shown in table 4. 
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CONCLUSION 


Aerial tramways are vrobably the most highly specialized means of trans- 
portation known to the mining industry. They were developed primarily for 
use in countries of rough topography, where other methods were impractical and 
in many cases impossible. Tneir dependability and efficiency for this purpose 
were proved so effectively in the early days of their devziopment that they 
eventually came into prominence in the coal-mining, quarrying, and construction 
industries in direct competition with nearly every other known means of trans- 
por tation. 


Construction costs in mountainous countries, as indicated in table 4, 
range from $30,000 to $65,000 per mile for systems of moderate capacity. for 
systems having capacities of 100 tons per hour, or more, the costs are as high 
as $77,000 per mile. Operating costs for systems of moderate length and 
capacity, such as are ordinarily used in the metal-mining industry in the 
United States, Canada, and Alaska, ranze from 5 to 10 cents per ton mile, 
Direct operating costsL0/ for the 12-mile tramway of the American Metal Co, at 
Pecos, N,. Mex., range from 2.1 to 3.7 cents per ton-mile. In Mexico, operating 
costs, including depreciation, run as low as 3.3 cents per ton—mile on systems 
of moderate length. This is possible because of semiautomatic equipment, 
large tonnage, and low labor costs. Apparently, lower costs at metal—mining 
plants in the United States and Canada will be possible only by the use of more 
automatic or semiautomatic equipment. This is possible at plants where only 
ore is handled but not where much back freight. must be carried as well. 


Comparisons of transportation costs by aerial tramways with other methods 
are difficult and sometimes meaningless. So many factors must be taken into 
account that it is often impossible to calculate figures that show a true 
comparison. Haulage costs by truck are greatly affected by the methods of 
loading and wnloading, and with aerial tramways by the amount of back freight 
that must be handled. At the Premier mine in British Columbia, where a 
relatively large amount of back freight was handled by the tramway, the cost 
ranged from 5.8 to 9.9 cents per ton~mile; at the Pecos mine of the America 
Metal Co. in Pecos, N. Mex., where no back freizht was handled, the cost ranged 
from 2.1 to 3.9 cents per ton mile. 


Gardnertl/ shows trucking costs for Arizona, California, Montana, and 
Nevada. Costs for distances of 1 to 20 miles and for jobs that require no 
shoveling range from 5 to 30 cents per ton-mile. Aerial-tramway costs for 
distances of 1 to 12 miles, including systems where back freight is handled, 
range from 2.1 to 13.5 cents per ton-mile. In places where a direct compariscn 
1s possible, tramways show about the same and sometimes a greater advantage 
over trucks. For instance, at the Peru mine in Hanover, IN. Mex., tramway 


Matson, J. T., and Hoag, C., Mining Practice at the Pecos Mine of the 
American Metal Co. of New Mexico: Bureau of Mines Inf. Cir. 6368, 1930, 
21 pp. 

17/ Gardner, E. D., Costs of Trucking and Packing Ore in Western Gold-Mining 

Districts: Bureau of Mines Inf. Cir. 6898, 1936, 17 pp. 
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transportation costs from the mine to the railroad loading station are around 
8 cents per ton; the lowest bid made by a trucking contractor was 15 cents per 
tons 


At its present stage of development, the aerial tramway is a rigid systen, 
suitable only for transportation between fixed points. It is possible that 
this is one of the reasons why tramways have fallen into disfavor with metal-— 
nine operations in recent years. Modern industry requires in its transporta- 
tion systems a flexibility that has not yet been developed in aerial tramways. 
Another reason for the lack of interest in this means of transportation by 
mnetal-mine operators is the present tendency toward small operating units 
where there is not a sufficient ore reserve to justify the capital expenditure 
necessary for an elaborate and expensive transportation system. 


Greater flexibility might greatly enhance the use of aerial tramways in 
certain metal-mining fields such as small open—pit mining. Here, the reversible 
tran with a movable loading teruinal might be used to advantage, provided 
large boulders are not too much of a problem. Whether or not a movable load- 
ing terminal is practical is open to some doubt, but movable towers used in 
connection with slack-line systems would indicate that they are. Tramways of 
noderate capacity that could be dismantled easily and at a low cost and re- 
installed at other properties, might find favor with metal-—mining companies 
tnat operate mines in different places. The success of such development would 
seem to depend primarily on more standardized construction practices, and also 
ona more thorough knowledge and understanding among mine operators and mining 
engineers of the principle and practices involved in construction and opera- 
tion. 
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